In order to investigate the influence of different level of vermicompost and NPK fertilizer fertilizers on yield, growth parameters and essential oil of fennel (Foeniculum vulgare Miller.), an experiment based on complete randomized blocks design with six treatments and three replications at Galogah, in 2012 and 2013 season was carried out. Treatments included NPK fertilizer, vermicompost (5, 10, 15 and 20 t/ha) and control. Analysis of variance showed that plant height, number of main and lateral branches, number of umbrella per plant, number of umbelets per umbrella, seed yield, biological yield, harvest index and the amount of oil produced at different levels of vermicompost and NPK fertilizer statistically significant. Generally results indicated that using 15 t/ha vermicompost showed more positive effect on recorded traits of fennel (Foeniculum vulgare) than other treatments.
Medicinal and aromatic plants have been used by 80% of global population for their medicinal therapeutic effects as reported by world health organization (WHO) (2008) . Many of these plants synthesize substances (secondary metabolites) that are useful to the maintenance of health in human and other animals (Neguib, 2011) . Crop production and consequently secondary metabolites depend on nutritional management which is an important factor in success of agriculture. For optimum plant growth, nutrients must be balanced and should be sufficient for plants. In other words, the soil must have nutrients that are needed for plants.
Chemical fertilizers are key components for providing crop nutrients needs in recent years (Sharifi, 1998) . In many cases, using chemical fertilizers have different negative environmental effects such as soil, water and air pollution, which increase environmental production cost (Ghost and Bhat, 1998) . To avoid the risk of these negative effects of chemical fertilizers, it is necessary to use organic or biological fertilizers which provide plant nutrients and also increase long term sustainability of agroecosystems (Murty and Ladha, 1988; Mehnaz and Lazarovits, 2006) . There is a strong relation between soil organic matter content and soil fertility, widely and universally accepted (Melero et al., 2007) . At present, using organic manures and biofertilizers, such as vermicompost has led to a decrease in the application of chemical fertilizers and provide high quality products free of harmful agro chemicals for human safety (Mahfouz and Sharaf Eldin, 2007; Malik et al., 2009) . Vermicompost is the product of the degradation of organic matter through interactions between earthworms and microorganisms. Vermicompost contains most nutrients in plant available forms, such as nitrates, phosphates and exchange ablecalcium and soluble potassium (Atiyeh et al., 2002) . Marinari et al. (2000) showed that in soil treated with vermicompost, total porosities were 24% higher than in the unfertilized soil. Vermicompost is enriched with several beneficial soil microbes and also contains many essential plant nutrients like N, P and K (Sinha et al., 2010) . Some studies have reported that vermicompost can increase the quantity and quality of essential oil in a few medicinal plants such as basil (Singh and Ramesh, 2002; Anwar et al., 2005; Geetha et al., 2009) , coriander (Singh et al., 2009) , fennel (Darzi et al., 2009; Moradi et al., 2011 ), chamomile (Haj Seyedhadi et al., 2011 ), cumin (Saeid Nejad and Rezvani Moghaddam, 2011 , and anise (Darzi et al., 2013) .
Fennel (Foeniculum vulgare) is a well-known aromatic medicinal plant which is used in traditional medicine as spice and substrate for different industrial purpose (Telci et al., 2009) . It is cultivated and also widespread in many parts of Mediterranean and midlist countries such as Italy, Turkey and Iran (Marino et al., 2007) . In Iran, fennel cultivation area was approximately 1,250 ha in 2008 (Jihad-Agricultural Ministry of Iran, 2008) . The fruits of sweet fennel contain essential oil which is rich source of anethole, limonene, fenchone, estragole and camphene among them the anethole is the most important constituent with determinant role in quality of the essential oil of seeds (Gross et al., 2002) . These depend upon internal and external factors affecting the plant such as genetic structures and ecological conditions (Telci et al., 2009) .
Medicinal plants production is mainly under condition of sustainable agriculture. In this system, management of environmental parameters is very critical. By using correct nutritional sources through organic manures and biofertilizers, quantity and quality of active substances of medicinal plants can be maximized (Anwar et al., 2005; Singh et al., 2009) . The aim of this study was to determine fruit yield and quantity and quality of fennel (Foeniculum vulgare) essential oil as affected by the application of vermicompost and NPK fertilizer.
MATERIALS AND METHODS
The field experiment was carried out in a complete randomized block design with three replications at Galogah, in 2012 and 2013 season. The Research Station (53° 44' N, 36° 42' E) located in the north of Iran and altitude of about 14 metres above sea level. The experimental treatments were chemical fertilizer (150kg N+ 150 kg phosphate + 100kg potash), vermicompost (5, 10, 15 and 20 t/ha) and control (without fertilizer). Each experimental plot was 2 m long and 2 m wide with the spacing of 20 cm between the plants and 50 cm between the rows. There was a space of one meter between the plots and 2 meters between replications. Before sowing, physical and chemical characteristics of the field soil was determined (Table 1) . Fennel seeds were directly sown by hand into the field at depth of 3 cm. There was no incidence of pest or disease on anise during the experiment. Weeding was done manually and the plots were irrigated weekly. All necessary cultural practices and plant protection measures were followed uniformly for all the plots during the entire period of experimentation.
During the growing season some traits such as, plant height, number of main and lateral branches, number of umbrella per plant, number of umbelet per umbrella, number of seed per umbrella, number of seed per umbelet, 1000-seed weigh, seed yield, biological yield and harvest ndex (HI) were recorded. For extracting the volatile oil of fennel fruit, from each plot, fruits were crushed at 50 g by electric grinder and suspended in 750 mL distilled water. Ground mass was subjected to hydrodistillation using Clevenger's apparatus (Clevenger, 1928) . After 4 h, the essential oils were collected and dehydrated with sodium sulphate (Na SO ) using the 2 4 method of Guenther (1961) .
All the data were subjected to statistical analysis (oneway ANOVA) using SAS software and the difference between treatments was confirmed by least significant difference test (LSD).
RESULTS AND DISCUSSION
Analysis of variance showed that the effect of different level of vermicompost and NPK fertilizer on all traits statistically significant except 1000-seed weight and essential oil (Table 2 , 4).
Plant height
Among vermicompost treatments, 15 t/ha showed highest (122.7 cm) effect on plant height, while the lowest one (78.3 cm) belonged to control (Table 3) . Since, the lack of nutrient elements is one of the effective factor on plant height, it seem that lack of nutrient elements led to lowest growth in control treatment. Increasing vermicompost from 5 to 15 ton/h significantly increased plant height. The positive effect of vermicompost on plant height can derived from providing equilibrium plant nutrients and imposed a direct effect on number of nod and inter nod length that finally lead to increasing plant height. In this respect Tahami Zarandi et al. (2010) observed the greatest increase in plant height of basil in usage of 7 ton/h vermicompost and he stated that providing balance nutrients and gradual nutrient release from organic sources during period of growth can be positive role in enhancing the growth of basil. Gutierrez et al. (2007) also reported effective role of vermicompost in increasing plant height of Tomato.
Number of main and lateral branches
Analysis of variance showed a significant effect of treatments on number of main and lateral branches per plant ( Table 2 ). The maximum number of main branches (4.6) obtained in 15 t/ha of vermicompost and minimum number of main branches observed in control (2.1) treatment. Among all treatment 20 t/ha had highest (17) effect on the number of lateral branches ( Singh et al. (1998) that organic fertilizers increased the number of main and lateral branches.
Number of umbrella per plant and umbelet per umbrella
Effect of fertilizer on number of umbrella per plant was significant (Table 2 ). Using vermicompost treatment produced significantly higher number of umbrella and number of umbels in umbrella compared with chemical fertilizer treatment and control. The maximum (91) and minimum (19.7) number of umbrella per plant observed in 15 t/ha vermicompost and control treatment respectively. The highest evaluation on the number of umbelet in umbrella was recorded in the application of 15 and 20 t/ha vermicompost treatments with average of 24.6 and 21 (Table 3 ). The increase in number of umbrella and umbels per plant by the application of vermicompost may be due to better root and shoot development, which in turn resulted in higher effect. Organic compost is a rich and a slow release fertilizer which using leads to a clean product of plants, continuous supply of nutrients, which improve some physical properties of soil, increase water retention than that for chemical fertilizers and improves the soil texture. The structural improvement can encourage the plant to have a good root development by improving the aeration in the soil, which leads to a higher plant vegetative growth. Similar results were reported by Mahfuz and Sharafudin (2007) .
Number of seed per umbrella and umbelets
Analysis of variance showed that the number of seed per umbrella and umbelet were significantly affected by treatments ( The results presented in Tables 3 have revealed that various levels of vermicompost had significant effects on seed per umbelet.
1000-Seed weight
The highest 1000-seed weight (5.5 gr) was produced under the 20 t/ha of vermicompost treatment and the application of NPK fertilizer was obtained highest 5.1 gr 1000-seed weight (Table 5) . Vermicompost has influenced the physiological processes such as photosynthesis that ultimately resulted in fully filled seeds. Bilekadari et al. (2005) were also of the opinion that higher seed yield and dry matter accumulation in reproductive parts were due to application of vermicompost. More 1000-seed weight was due to more leaf area for photosynthesis and effective utilization of these photosynthates from source (leaves) to sink (reproductive parts) which might have resulted in better filling of seeds. Further increase in thousand seed weight in treatments receiving NPK compared to control might be due tobetter availability of nutrients that might have helped in producing bolder and heavier seeds. Almost identical results have also been expressed by Panwar et al. (2000) , Lamo (2009) and Mehta (2010) .
Seed yield
The results presented in table 3 have revealed that various levels of vermicompost and NPK fertilizer had significant effects on the seed yield. The maximum seed yield (643.3 kg/ha) was obtained by using 15 ton vermicompost per hectare (Table 5) . Vermicompost treatments improves the soil structure and soil moisture content, provides plant with essential elements, increases growth, number of umbrella per plant and biological yield and finally led to increase seed yield. In general, with increasing vegetative growth showed it is effect in increasing the seed yield. Our findings are in accordance with Chand et al., 2007; Sanchez et al., 2008 .
Biological yield and Harvest index
The results of the analysis variance showed that biological yield and harvest index were significantly affected by all treatments in this experiment (Table 4) . The results have indicated that biological yield was affected by the application of vermicompost (Table 5 ). Significant increase in biological yield was observed in treatment of vermicompost application 15 t/ha (4999 t/ha) as compared to the control experiment (1980 t/ha). Among various treatments, the highest (13.1) and lowest (6.7) harvest index were obtained by a treatment of NPK treatments and control, respectively (Table 5) . By increasing vermicompost treatment from 5 to 20 t/ha, the harvest index amount decreased. The increase in harvest index due to NPK treatments could be due to the role of nitogen in nucleic acids and protein synthesis, and phosphorus as an essential component of the energy compouds (ATP and ADP) and phosphoprotein in addition to the role of potassium as an activator of many enzymes (Helgi and Rolf, 2005) . Also vermicompost increases the growth rate because of the water and mineral uptake such as; nitrogen and phosphorus (Hendawy, 2008) , which leads to the biological yield improvement. This finding is in accordance with the previous observations (Hendawy, 2008 and Moradi et al., 2009 ).
Essential oil content
The results indicated that essential oil content was not affected by treatments (Table 4) . Essential oil content ranged from 5 to 15 t/ha of vermicompost. Using 15 t/ha of vermicompost had the highest (57.1%) and control treatment had lowest (24.8%) essential oil percentages (Table 5 ). This finding is in accordance with the observations of Fallahi et al. (2008) (Arancon et al., 2006; Zaller, 2007) , has a positive effect on proper biomass production and subsequently the enhanced essential oil content. Darzi et al. (2009) reported that essential oil yield of fennel seeds increased significantly by increasing the vermicompost. They demonstrated that vermicompost supplied phosphate and nitrogen to the soil, giving a more balanced nutritional status than mineral fertilizers. Improved essential oil content of medicinal plants previously reported in the presence of optimal amounts of vermicompost (Anwar et al., 2005 and Geetha et al., 2009 ).
In general increasing in growth and quality of plant is because of supplying nutrients as a result of organic manure usage that causes improving of growth and absorption of nutrients from soil. Organic manure by influencing recirculation of nutrients and organic matter in agriculture ecosystems, can increase soil fertility and enable it to produce stable production (Mando et al., 2005; Mohanty et al., 2006) . Moreover, compost and vermicompost can impose a positive effect on improving soil chemical properties by gradual releasing of nutrients and they also improve soil physical condition (Davar nezhad et al, 2002; Darzi et al, 2008) . Khandan and Astaraee (2005) reported that the use of compost and vermicompost have positive role on improving soil physical and chemical properties by increasing water holding capacity and soil permeability and aeration. Channabasanagowda et al. (2008) have also shown that the differential action of vermicompost may be because of the fact that the vermicompost has slow release of nitrogen due to slow mineralization which helps in availability of nutrients to the plants throughout the growth of the plant and thus resulting in higher growth. So improving soil physical and chemical conditions by using of vermicompost could ultimately led to a significant effect on improving of plant growth and development. The significant differences between chemical and organic treatments may be attributed to the higher levels of nutrients besides growth stimulating substances (enzymes, antibiotics and growth hormones) available in vermicompost (Vadiraj et al. 1998) . Generally according to results of this study using 15 t/ha vermicompost showed more positive effect on recorded traits of fennel (Foeniculum vulgare) than other treatments.
